modern humans from historical periods (Table S3) .
Seven morphological features of the occlusal surface were scored according to the ASUDA System (Turner et al., 1991) supplemented by Bailey (2002) and Martinón-Torres et al. (2012) . The MD (mesio-distal) and BL (bucco-lingual) dental crown diameters of the Walou P3 are compared to the groups described above using univariate analyses (adjusted z-score; Azs) and bivariate graphs. The occlusal outline of the Walou premolar was also studied using a 2D geometric morphometric approach (Mitteroecker and Gunz, 2009; Gómez-Robles et al., 2008; Text SI 4) .
The actual root length was measured on the lingual side of the tooth. Furthermore, an estimation of the missing portion of the root apical third was made on the µCT data (Text SI 5) for comparison with the data provided by Bailey (2005) .
Finally, we undertook isotopic dietary analysis of collagen extracted from a dentine sample taken from the Walou tooth to determine the main sources of protein in the individual's diet (Texts SI 4 and 6).
Results
Morphological and metric description of the Walou P3. The tooth is a permanent mandibular left P3 (Figs. 1, 2 and S 4) that likely belonged to an adult given its stage of occlusal wear.
[Figures 1 and 2 here]
Its crown has a bucco-lingual diameter of 9.3 mm and a mesio-distal diameter of 7.9 mm ( Table 2 ).
The bucco-lingual and mesio-distal diameters at the cervix are 8.1 mm and 5.6 mm. The height of the crown, measured on the vestibular face, is 9.0 mm, and 8.3 mm on the lingual face.
The premolar is two-cusped, without any accessory lingual cusplet (premolar lingual cusp variation ASUDAS 0). The crown is somewhat triangular in outline, the lingual half being smaller than the buccal.
The protoconid is heavily worn and shows an exposed dentine surface which draws a narrow and mesio-distally elongated triangular area (stage 3 after Molnar, 1971 ). The metaconid is by contrast almost unworn. In spite of the strong occlusal wear, the protoconid was much higher than the metaconid as it is generally the case in third mandibular premolars. Two interproximal wear facets are present on the mesial and distal faces of the crown and are slightly concave in occlusal view. The distal interproximal facet (4.8 mm × 3.3 mm) exhibits five sub-vertical grooves, the three most buccal ones being deeper and longer. There is no groove on the mesial facet (3.1 mm ×3.4 mm).
Two strong essential crests run from the protoconid and metaconid tips toward the center of the crown where they joined each other, forming a transverse crest that is continuous and not interrupted by the groove (grade 2 of Martinón-Torres et al., 2012) . The crest is also present at the EDJ where it connects the base of the protoconid to the apex of the metaconid (Fig. S5) . The mesial and distal foveae lie on both sides of this crest and are themselves limited by thick marginal crests. The mesial fovea forms a long bucco-lingual groove that does not extend on the lingual face of the crown (no mesio-lingual groove or MLG; grade 0 of Bailey, 2002; Table 1 ). From the distal fovea, two small grooves run along the lingual side of the buccal cusp, and limit a distal accessory ridge (grade 1 of Bailey, 2002; Martinón-Torres et al., 2012) . This accessory crest is also well developed at the EDJ (Fig. S5) . The buccal face of the crown is strongly convex, both vertically in lateral view and mesio-distally in occlusal view and bulges close to the cervix. The strong convexity of the buccal face of the protoconid, together with the location of the exposed dentine shows that the tip of the protoconid was projected lingually close to the metaconid. As a result, the occlusal polygon (see Gómez-Robles et al., 2008) was small and lingually placed. In addition, the metaconid is slightly distally displaced relative to the protoconid and the talonid is small. The mesial part of the lingual outline is longer than the distal part (estimating the part that is obscured by the interproximal facet) and shows a slight inflection at the level of the mesial fossa. All these features give the crown outline an asymmetric shape.
On both interproximal sides, the cervical line is more convex towards the occlusal plane, especially on the mesial side (Fig. 1) .
The tooth has a single and broken root, which was likely completely formed, and approximately one third of it is currently missing (Figs. 1, 2, S4 and S35).The fracture is ancient and of taphonomic origin. The breakage follows an oblique plan that slopes buccally and distally from top to bottom.
The root deflects distally and exhibits a rather flat mesio-distal section. There are two shallow mesial and distal developmental grooves (Fig. S6) .
Comparative analyses and taxonomical attribution of the Walou P3. Four out of the seven morphological discrete traits scored on Walou correspond to a pattern that is more frequently observed in Neandertals and Pleistocene modern humans (MP-EMH + UP-MH) than among RMH (Table 1) . These involve the presence of a distal accessory ridge (DAR) and a transverse crest (TRCR), an asymmetric occlusal outline (ASYM) and an absence of a mesial location of the metaconid (MET-MES). The presence of a transverse crest, as seen on Walou, has also been observed on both Neandertals and Pleistocene modern humans at a very high frequency and does not discriminate the taxa (Table 1 ).
The same is true for the presence of a distal accessory ridge according to Bailey (2002 Bailey ( , 2006 , whereas according to Martinón-Torres et al. (2012) , this trait is much more frequent in Neandertals (90%, n = 20) than in Pleistocene modern humans (47 %, n = 15).
Finally, the occlusal outline asymmetry, although frequent in all Pleistocene group, is the most discriminating trait, observed in 94% of the Neandertals, 75% of the MP-EMH and only 56% of the UP-MH. For this particular trait, Walou aligns better with Neandertals.
[ Table 1 here]
As for geometric morphometric analyses, the occlusal anatomy of the Walou P3 plots on the area of the morphospace occupied by other Neandertals in the shape PCA (Fig. 3a) . This area, however, overlaps with part of the range of distribution of modern humans. When looking at size-shape space, however, both species are much more clearly separated, in part because Neandertal premolars are larger than modern human's, but also because of the shape changes associated with these differences in size (Fig. 3b) . The shape PCA and the size-shape PCA show a change in the patterns of occlusal variation explained by PC1 and PC2, mostly because the changes associated with PC2 in the shape PCA are those that are associated with size variation in the size-shape PCA, and are then recovered by PC1 in the latter analysis. Regardless of these changes in the structure of the morphospace, Neandertal P3s tend to have a reduced and lingually located occlusal polygon (the area enclosed by the lines connecting the four landmarks) and a slightly asymmetric configuration that contrasts with the larger occlusal polygon of modern human P3s and their more symmetric shape (Gómez-Robles et al., 2008) . The Neandertal features are clearly present in the premolar from Walou, which shows a reduced and lingually placed occlusal polygon and a general asymmetric shape. These features drive the classification of this premolar as a Neandertal with high probability when based on shape variation (92.4% of probability to be classified as a Neandertal) and on size-shape variation (99.7% of probability to be classified as Neandertal). Together, these results strongly support a Neandertal classification for this specimen.
[ Figure 3 here]
[ Table 2 here]
The adjusted z-scores associated with the dental crown measurements show that the MD diameter of Walou (7.9 mm) falls well within the Neandertal range of variation (Table 2, [ Figure 4 here] Although the root of the Walou P3 is broken, its length has been measured on the lingual side of the original specimen: 11.2 mm ( Table 3 ). The amount of missing root was estimated in two ways. First, based on its morphology and by comparison to a series of other Neandertal P3, the missing part of the Walou root was estimated on the real specimen to a minimum of 5 mm, yielding a minimal length of 16.2 mm, which falls close to the Neandertal mean but at the upper limit of the UPMH. Second, on 2D slices (from the conventional µCT-scans) of the root in the labio-lingual and in the mesio-distal planes of section (Fig. S8) , the missing root was estimated and drawn based on the angle of the walls of the pulp chamber and on the thickness of the dentine walls at the broken tip. This yields an average estimation of 7 mm of broken root, and thus a 17 mm total root length, which also falls closer to the Neandertal mean documented by Bailey (2005) . These estimations provide a third additional indication that would move Walou closer to Neandertals than to UP-MH.
[ Table 3 ]
Carbone and nitrogen isotope analysis. The collagen was not well preserved in the Walou P3 and we did not obtain any useable collagen in the >30 kDa fraction usually used for radiocarbon dating and isotope analysis. We then further ultrafiltered the smaller fraction and obtained collagen from in the 10 to 30 kDa fraction that we were then able to measure the carbon and nitrogen isotopes from.
This collagen fraction had a δ 13 C value of -22.6 ‰ and a δ 15 N value of 9.3 ‰. The extract had a C:N ratio of 3.4 and a %C value of 22.4% and a %N value of 7.6%. The >10 kDa fraction was much more poorly preserved, and had a C:N ratio of 4.5 which is outside of the acceptable range for collagen (DeNiro, 1985) so we did not include the isotope data from this fraction here.
The carbon isotope value of -22.6 ‰ from the 10 to 30 kDa fraction indicates that the specimen obtained most of its dietary protein from terrestrial food sources. Without contemporary faunal collagen nitrogen isotope data from Walou cave, we cannot definitively interpret the nitrogen isotope value. This is because the nitrogen isotope values of mammals (especially herbivores) do fluctuate over time (Richards and Hedges, 2003) so it is necessary to compare the Neanderthal value to contemporary fauna to use it to determine trophic position. However, the value of 9.3 ‰ obtained for
Walou is similar to nitrogen isotope values of other contemporary Neandertals from Northern Europe 
Discussion
The Walou premolar exhibits a combination of morphological features and metrics that align it with the Pleistocene samples and distinguish it from recent humans. The scored morphological features of its occlusal surface are compatible with both Neandertals and EMH. However, its overall topography, with a small and lingually displaced occlusal polygon and an asymmetric lingual outline, is typically not observed in modern human P3s, but it is frequently shown by premolars within the Neandertal lineage. In addition, its dental metrics also position Walou among Neandertals. These results add to other evidence that Neandertals were still present in the Meuse Valley after 40,000 BP, producing
Mousterian lithic artifacts.
The Belgian Meuse Basin is of high interest when studying the MUPT as well as the replacement of Neandertals by early modern humans. Firstly, this small area has yielded dozens of archeological sites from this period (Flas, 2015; Di Modica et al., 2016) . Secondly, it is rich in hominin remains. In addition to Walou, seven other caves of the area yielded Pleistocene fossils, mostly Neandertals (Toussaint and Pirson, 2014) . At least four of these seven sites can be related to Late Middle Paleolithic. Anatomically modern humans were also recently identified in the 19 th century collections from Goyet Cave and were dated from Aurignacian to Magdalenian . Thirdly, some of these sites have been the subject of recent interdisciplinary studies: Scladina, Walou, Couvin and Trou Al'Wesse in karstic environment (Bonjean et al., 2014; Draily, 2011; Miller et al., 2011) , and Maisières-Canal and Veldwezelt-Hezerwater in open-air environments (Miller et al., 2004; Bringmans, 2006) . In addition other sites excavated in the 19 th century have also recently benefited from new studies including AMS radiocarbon dates, such as for Spy and Goyet (Rougier and Semal, 2013; Rougier et al., 2016) . From 45,000 to 40,000 BP, Neandertal remains are represented in two caves from the Meuse Basin.
The first is Couvin, where a Neandertal dm2 is associated with late Middle Paleolithic (Toussaint et al., 2010) . The second site is Goyet, where the two oldest 14 C-dated Neandertal fossils are situated around 41,000-40,000 BP , but without precise archeological context.
From 40,000 to 36,000 BP, Neandertals are still represented in the Meuse Basin, notably by the Walou P3 and its associated late Mousterian assemblage. Six directly-dated Neandertal fossils from Goyet are also ranging from 40,000 to 37,000 BP but there is uncertainty about the associated lithic industries: Mousterian and/or LRJ. About 100 km north-east of Walou, the Neandertals from Feldhofer cave are also dated to around 39-40,000 BP (Street et al., 2006 ); however it is not possible to certify that the Mousterian artifacts recently found in the site are associated with the Neandertal fossils.
Around 36,000 BP, Neandertals are still represented by two directly-dated individuals from Spy (Semal et al., 2009 ) and one from Goyet . In both cases, the associated lithic industry is imprecise, LRJ, or very late Mousterian.
From 34,000 BP to ca 29,000 BP, the few regional archeological assemblages are attributed to the Aurignacian (Flas, 2015) . However, a reliable chronostratigraphic data are lacking most of the time. Aurignacian with a reliable chronostratigraphy (Haesaerts, 2004) . About 100 km to the East, the Rhineland site of Lommersum (Germany) provided an early Aurignacian occupation dated between ~35,000 and 33,000 BP (Street et al., 2011) . From an anthropological point of view, the only proven human fossils associated with that industrial facies in western Europe, mainly teeth, are anatomically modern humans (Churchill and Smith, 2000; Bailey et al., 2009; Verna et al., 2012) . The direct dates recently obtained on human fossils from Goyet Cave support this hypothesis.
At about 450 km south of Walou, numerous Neandertal remains have been found at Arcy-sur-Cure (Burgundy, France). These fossils were mainly found in a Châtelperronian context but some teeth are from Mousterian layers (Leroi-Gourhan, 1958; Hublin et al., 2012) . Even if there is disagreement among researchers about the Châtelperronian layers being mixed for some (Bar Yosef & Bordes, 2010) , the archaeological sequence seems now quite confidently dated and the association between
Châtelperronian and Neandertals has been strengthened (Welker et al., 2016) . Broadly, the data from In 1927, around 650 km west of Walou was found the Kent's Cavern 4 maxilla (United Kingdom).
It is most often interpreted as modern, notably because its teeth possess more modern human than Neandertal characteristics (Keith, 1927) . Its direct 14 C AMS date of 30,900 ± 900 BP (OxA-1621) seems to be contaminated . According to AMS radiocarbon dates obtained using ultrafiltration on animal remains found above and below it, the maxilla has been reported as being much older, with a modelled age of 44,180-41,530 cal BP, i.e. ~40,000-37,000 BP. This date has however been challenged because the sedimentary context was not well-controlled due to poorly executed excavations (White and Pettitt, 2012) . Furthermore, such an ancient date for modern humans does not fit within the general pattern that emerges in the westernmost part of Europe (Hublin, 2015) . However if such an antiquity was validated by new discoveries, this could change our model of the Meuse Basin. oriented from the top) described in Le Cabec et al. (2015) . Note the minute marks left by the laser ablation sampling (close-up framed in mesial view) on the enamel cap and the dentine root surface, as well as the more important trace of 14 C sampling (apical view). Table 3 Actual root length of the Walou P3 (=broken) 
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